
R.ESEARCH MEMORANDUM 
for the 

A i r  Materiel Command, U. S. A i r  Force 

PERFORMANCE OF J33-A-27 TURBOJET-ENGINE  COMPRESSOR 

II -i OVER-ALL PERFORMANCE CHARACTERISTICS OF MODIFIED 
t 1, ; 
1 $?COMPRESSOR AT EQUIVALENT IMPELLER 

' ,' 1 :  

SPEEDS FROM 6100 TO 13,250 RPM 

By William L. Beede and Ambrose  Ginsburg 

Lewis  Flight  Propulsion  Laboratory 
Cleveland, Ohio 

' I  

$i ( 2  

f$ 
\ 

~ ,. 

CLASSIFIED  DOCUMENT 

5 5: 4 - u: 3 

2 :  3 

ThIs document cantabs CIaSSUled Wormatlon 
sffectlng the National Defense of the United 
States wItMn the me- of the ElpIonage Act, 
USC 5051 and 32. Its transmissIan or the 
reuelatlon of Its content8 in my manner to  an 
unauthorhed person 1s p r o h l b l t e d  by law. 
IniOrmaU~n sc classifled may be Imparted 
only to persons in the mllltary and naval 
servlces of the UnIted States, appropriate 
clvillan otllcers and employees of the Federal 
Government who have B Iegltlmate lntsrest 
therein, and b United States cltIzen8 of !mown 
loyalty and discretion Who of neces~l ty  must be 
Informed thereof. 

. .  . 

6 2 :  
"::; "c 

I- 

, - 8  

6 .  

. 

N~TIONAL. I _ ' /  ADVISORY" COMMITTEE 
FOR AERONAUTICS 

.. . 

WASHINGTON 

1 \ 

J .  
L 

RESTRICTED 



NATIONAL  ADVISORY COWITTEE FOR AWONAUTICS 

RESEARCH MEMORAmDUM 

for the 

Air  Materiel  Command, U. S. Air  Force 

PERFORMANCE OF 533-A-27  TURBOJET-ENGINE COMPRESSOR 

I1 - OVER-ALL PERFORMANCE  CHARACTERISTICS  OF  MODIFIED 
COMPRESSOR AT EQUIVALENT IMPELL;w 

SPEEDS FROM 6100 TO 13,250 RPM 

By  William L. Beede  and  Ambrose  Ginsburg 

SUMMARY 

A modified 533-A-27  compressor  waa  operated  over a range  of 
equivalent  impeller  speeds from 6100 to 13,250  rpm  in  order  to 
obtain  the  over-all  compressor  performance. 

At the  equivalent  design  speed  of 11,800 rpm, the  maximum 
efficiency  of 0.764 and  peak  pressure  ratio  of 4.56 occurred  at 
an equivalent  weight  flow  of  104.07  pounds  per  second.  At  the 
highest  equivalent  speed (13,250 rpm) a maximum  efficiency  of 0.711, 
a maximum  equivalent  weight flow of  123.00  pounds  per  second,  and 
a peak  pressure  ratio  of  5.76 were obtained. 

INTRODUCTION 

A n  investigation to determine  the  performance  characteristics 
of a series  of 533 turbojet-engine  compressors  is  being  conducted 
at  the  NACA  Lewis  laboratory  at  the  request of the  Air  Materiel 
Command, U. S. Air  Force.  The  533-A-27  compressor was modified in 
order  to  obtain  improved  matching  between  the  compressor  and  tur- 
bine of  the  engine. The over-all  performance  characteristics  of 
this  modified  compressor  are  herein  presented.  Initial rum were 
made  over a range  of  equivalent  impeller  speeds from 6100 to * .. . , 

$ 11,800 rpm (desi&  speed'),  ambient  inlet air  temperature,  and  inlet 
e pressure of 14 inches  of  mercury  absolute. In order to determine 
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the  compressor  performance at overspeed  operation,  additional runs 
were made a t  equivalent  impeller  speeds of 12,600 and 13,250 rpm, 
i n l e t  air temperature of -55' F, and an inlet   pressure of 10  inches 
of mercury absolute. 

The d33-A-27 compressor described in reference 1 wrzg modified 
to   ob ta in   be t t e r  matching between the compressor and turbine com- 
ponents  of the  engine. The d i f fuser   in le t  vanes  were a l t e r e d   i n  
order t o   s h i f t   t h e  compressor operating  curves t o  lower  weight 
flows, which would tend t o  improve the  engine  acceleration  charac- 
t e r i s t i c s .  The compressor i n l e t  w a ~  also  a l tered by the  removal 
of t h e   s p l i t t e r  vanes and the  extension of the  impeller  casing  in 
an axial d i r ec t ion   fo r  approximately one inch  upstream  of  the 
impeller . 

The instrumentation is the same as that   in   reference 2 with  the 
exception  that  nonadjustable  flat-plate submerged or i f ices  were 
used t o  measure the compressor air  weight flows. 
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SYMBOLS 

The following symbols are used in   t h i s   r epor t  : 

actual  impeller  rotative speed, rpm 

inlet   total   pressure,   inches mercury absolute 

outlet   total   pressure,   inches mercury absolute 

actual  air volume flow,  cubic feet  per  second 

actual  air weigh3 flaw, pounds per second 

r a t i o  of i n l e t   t o t a l   p re s su re   t o  NACA standard  sea-level 
pressure 

adiabatic  temperature-rise  efficiency 

r a t i o  of i n l e t  . .. - - t o t a l  temp,erature t o  NACA standard  sea-level 
- temperature 

.- - 
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PROCEDURE 
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I n i t i a l  runs were m a d e  over a range of equivalent  impeller 
speeds  from 6100 t o  11,800 rpm, with ambient i n l e t   a i r  temperature 
and an inlet   pressure of 14 inches of mercury absolute. To deter-  
mine the   e f fec t  of overspeed  operation,  additional runs were made 
at equivalent  impeller  speeds of 12,600 and 13,250 rpm. Because 
the maximum allowable  actual  impeller  speed was 12,000 rpm, rum 
at  equivalent  impeller  speeds of 12,600 and 13,250 r p m  were made at 
an   in le t  air  temperature of  -550 F. Because  of the  l imited quan- 
t i t y  of refr igerated air available, the  inlet   pressure w a s  reduced 
from 14 t o  10 inches of mercury absolute. The reduced i n l e t  tem- 
perature and reduced inlet   pressure used in   t he  two highest  speed 
runs would be expected t o  show ef f ic ienc ies   s l igh t ly  lower i n   c m -  
parison  with  the lower  speed runs of th i s   inves t iga t ion   ( see   re fe r -  
ence 2 ) .  All rune were made from choked weight  flow t o   t h a t  of 
incipient  surge.  

RESULTS AND DISCUSSION 

The performance of the  modified 533-A-27 compressor is shown 
i n   f i g u r e  1. The peak adiabatic  temperature-rise  efficiency of 
0.784 occurred a t  an  equivalent  impeller  speed of 7000 rpm. A t  
the  equivalent  design  speed of 11,800 rpm the  maximum efficiency, 
the peak pressure  ratio,  and surge  occurred  simultaneously at an 
equivalent  weight flow of 104.07 pounds per  second. The  maximum 
efficiency w a s  0.764 and the  peak pressure  ra t io  w a s  4.56. The 
maximum equivalent  weight flow a t   t h i s  speed w a s  110.70 pounds per 
second. 

A t  the  highest  equivalent  speed  (13,250 rpm), the maximum 
eff ic iency of 0.711 and the peak pressure  ra t io  of 5.76 occurred 
at an  equivalent  weight  flow of 118.32 pounds per  second. The max- 
imum equivalent  weight  flow a t   t h i s  speed w a s  123.00 pounds per 
.s ec ond . 

SUMMARY OF WULTS 

The following  results were obtained  from the over-al l  perform- 
ance investigation of the modified 533-A-27 compressor: 

s.., ... %"e- ...* . -3. A t  the-  equivalent  -design speed of 11,800 rpm, the  maximum 
eff ic iency of 0.764 and the peak preasure  ra t io  of 4.56 occurred 
a t  an  equivalent  weight flow o f  104.07 pounds per  second. ?he max- 
imum equivalent  weight flow a t   t h i s  speed was 110.70 pounds per 
second. 



NACA RM SE5OD25 4 

2. A t  the  highest  equivalent  speed (13,250 rpm), a maximum 
efficiency of 0.711, a maximum equivalent  weight flow of 123.00 pounds 
per second,  and a peak pressure  ra t io  of  5.76  were obtained. 
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(a) Pressure ratio.  

Figure 1. - Performance  of modified 533-A-27 compressor. 
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(b) Adiabatic  temperature-rise  efficiency. 

Figure 1. - Concluded. Performance of modified 533-A-27 compressor. 




